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1. Introduction 
 
In recent years there was a big increase in the number of personal computers used 
worldwide. At the same time a lot of research have been conducted on usability of more and 
more sophisticated interactive systems. On the other hand some (e.g. Whittaker et al., 2000) 
have argued that too much focus was given to modern styles of human-computer 
interaction, since the usefulness of these proposals is very limited (Hartson, 1998). 
Simultaneously, the in-depth exploration of standard means of communication between 
human beings and computer programs are very often neglected.  
The presented research involves the ‘search and click’ technique, which is a core component 
of a direct manipulation style of human-computer interaction (Shneiderman, 1982, 1983). 
Although currently there exist many other methods, the direct manipulation is still one of 
the most popular, especially among graphical interfaces. The study described in this 
publication may be situated in the trend of research related both to visual search and 
visually controlled motor activity (compare Grobelny et al., 2005; Michalski et al., 2006; 
Michalski & Grobelny, 2008). This area is a combination of the traditional Fitts’ approach 
(Fitts, 1954; Fitts & Peterson, 1964), in which only the movement time related to graphical 
object selection is taken into account, and the situation where the time of visual search for a 
particular target among the group of distractors is of a main concern. The rationale of 
including these two activities simultaneously in the experimental setup arise from the 
observations presented in the work of Hoffmann & Lim (1997). The researchers argue that 
concurrent decision and movement tasks are complex, and they should not be analysed 
separately. Their suggestions were backed up by experimental results. Additionally, there 
are some evidence at the neural level (Wurtz et al., 1982; Kustov & Robinson, 1996; Colby & 
Goldberg, 1999) suggesting that a manual response to a stimulus may influence the 
cognitive processes. 
This study is mainly focused on the problem of graphical panel position on the screen and  
its impact on the accomplishment of simple ‘search and click’ tasks. Despite some previous 
works dealing with this subject, there are still several issues that need to be addressed. The 
earlier research results are not always consistent. Let us take for instance locations of web 
site menus. McCarthy et al. (2003) demonstrated that the left menu location is faster 
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searched, but if the user performed another visual search task in the same web page, this 
advantage was not observed. In the study of Kalbach & Bosenick (2004), the menu location 
factor did not significantly influence the mean acquisition times either. The inconsistencies 
also exist, when the visual search of simple graphical objects is concerned (Michalski et al., 
2006). 
The prior studies in the HCI field discussed mostly left and right upper corner locations 
(McCarthy et al., 2003; Kalbach & Bosenick, 2004; Michalski et al., 2006) and other positions 
were rarely examined. Among the works related to other than left and right screen locations 
of searched targets there are investigations of Campbell & Maglio (1999), Schaik & Ling 
(2001), and Pearson & Schaik (2003). The study of Campbell & Maglio (1999) demonstrated 
that the shortest mean response times were observed for the stimuli placed in the upper left 
corner of the screen, and the longest for targets in the lower right corner. Schaik & Ling 
(2001) in their investigation showed that menus having the same contrast were operated the 
slowest in the bottom position, and that the reaction times for right located targets were 
significantly slower than in the case of left and top positions. Later in a quite similar paper, 
Pearson & Schaik (2003) obtained similar selection times both for left and right menus as 
well as for top and bottom ones. The further analysis showed also, that there was 
meaningful difference between grouped results for left and right locations and grouped top 
and bottom. The side positioned menus occurred to be worse in terms of the selection speed 
than both top and bottom layouts. 
The other area of interest discussed in the current research concerns possible differences 
between male and female computer users in executing simple direct manipulation tasks that 
require some cognitive effort. Gender differences in performing various types of cognitive 
task have been a topic of multiple studies in the psychology and neuropsychology fields 
(e.g. Harasty et al., 1997; Adam et al., 1999; Gur et al., 1999; Weiss et al., 2003; Blatter et al., 
2006; Reimers & Maylor, 2006; Roalf et al., 2006; Walhovd & Fjell, 2007). It is generally 
accepted that men do better in spatial and mathematical tasks, whereas women have better 
verbal ability (MacCoby & Jacklin, 1974). However, the latest research and meta analyses of 
previous papers suggest these differences to be less salient than in the past (Hyde 
& McKinley, 1997; Jorm et al., 2004).  
When the discrepancies in accomplishing simple pointing activities are concerned, it is 
assumed that they are a result of different strategies used by both sexes. According to this 
approach, women perform better when the accuracy is analysed, while men are superior in 
tasks, where completion time is of a great concern (Ives et al., 1993; Peters & Campagnaro, 
1996; Warshawsky-Livne & Shinar, 2002; Barral & Debû 2004; Rohr, 2006a, 2006b). As it was 
outlined above, there has been a significant amount of research regarding gender differences 
in performing cognitive and motor tasks separately, however the studies treating these two 
conditions simultaneously are hardly to find. 
The following sections describe a laboratory experiment that was designed and conducted 
to cast more light on the aforementioned matters. More specifically, this paper in an attempt 
to explain how square panel locations along with two panel item sizes affect the speed of 
executing simple search and click tasks. In addition, differences in task performance 
between sexes are examined. The obtained results are analysed and compared with the 
outcomes of previous studies. Limitations of this research as well as possible future works 
are also outlined. 
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2. Method 
 
2.1 Participants 
Overall, forty Wroclaw University of Technology students volunteered in the study. There 
was an equal number of male and female participants. The students were within the age 
range of 21–25 years, and they worked with computer programs on a daily basis. They 
reported having a normal or corrected to normal visual acuity. 
 
2.2 Apparatus 
A computer program written in a MS Visual Basic™ 6.0 environment was used to conduct 
the experiments. The research took place in teaching laboratories on uniform personal 
computers equipped with the same computer mice and 17” monitors of the CRT type. The 
resolution was set at 1024 by 768 pixels and a typical (default) computer mouse parameters 
were used. 
 
2.3 Experimental design 
The graphical panels being investigated comprised of 36 buttons arranged in a square with 
26 Latin alphabet characters and ten Arabic numbers placed on these buttons. Two 
independent variables were manipulated: the graphical object size and panel location on the 
screen. Two different, commonly occurring in up-to-date computer programs, panel item 
sizes were used in the experiments. The side square button sizes equalled to 22 (small) and 
38 pixels (large). Bolded Times New Roman font types in sizes of 12, and 24 pt were 
employed. The distance between the user and the screen was set approximately at 50 cm, so 
the visual angles of these objects amounted to 0°41’, and 0°69’ respectively. The second 
factor was examined on four levels corresponding to the four corners of the computer 
screen. The panels were moved away from the screen edges by 18 pixels to minimize the 
effect of faster selection of items located at the screen borders (Farris et al., 2002, 2006; Jones 
et al., 2005). 
The independent variables resulted in eight different experimental conditions: (two object 
sizes) × (four panel locations). A mixed model design was applied.  The object size factor 
was treated within subjects whereas the other effect was examined between subjects. Each of 
the four groups of participants testing the four panel locations consisted of an equal number 
of males and females. The dependent variables being measured were the ‘search and click’ 
task completion time and the number of errors committed. The time was computed from 
when the START button was pressed, to when the object was clicked. The error occurred if 
a subject selected different than required graphical object. 
 
2.4 Procedure 
Before the examination the subjects were informed about a purpose and course of the 
experiment. The study started by filling out a general questionnaire concerned with 
personal data and computer literacy. Next, participants were asked to perform five 
attemptive trials. After the warm-up, the proper experiment took place. First, instruction 
dialogue window, presenting a START button and the target to be looked for, appeared. The 
searched layout was invisible at this instant. After the START button was clicked, the 
window disappeared and one of the examined panels was shown. The user was instructed 
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to find as fast as possible the required object in the presented structure, and click it using a 
computer mouse. The instruction window was shown for each trial. The panels were 
displayed in a random order, different for every subject. Every student performed 10 trials 
for each of the examined configurations. Every 10 trials, an informative window including 
mean acquisition times and incorrect attempts was shown, and after clicking the OK button 
the examination was continued. 
 
3. Results 
 
3.1 Selection times 
The subjects performed 800 trials altogether. The proper target item was localized and 
clicked in 781 cases. Excluding the error searches, the mean value amounted to 2248 ms with 
the standard deviation 1576 ms and mean standard error 56 ms. The median was equal to 
1793 ms. The shortest selection time was 672 ms, whereas the longest – 14 591 ms. Both the 
skewness and the kurtosis were decidedly different than the values of these parameters 
characteristic of the normal distribution and amounted to 2.7 and 12 respectively. The basic 
descriptive statistics for all the examined conditioned (without the mistakes) are presented 
in table 1. 
 
No. Target 
size 
Panel 
location 
Gender N Median 
(ms) 
Mean  
(ms) 
SE 
(ms) 
SD 
(ms) 
1. Small Left-Bottom Female 50 1547 1938 153 1079 
2. Small Left-Bottom Male 49 2193 2880 319 2235 
3. Small Left-Top Female 49 1938 2463 211 1478 
4. Small Left-Top Male 48 1933 2465 302 2092 
5. Small Right-Bottom Female 50 1838 2252 189 1340 
6. Small Right-Bottom Male 49 1843 2314 233 1633 
7. Small Right-Top Female 49 1893 2426 238 1667 
8. Small Right-Top Male 48 1793 1992 150 1039 
9. Large Left-Bottom Female 50 1406 1853 189 1337 
10. Large Left-Bottom Male 48 1787 2334 252 1748 
11. Large Left-Top Female 49 2294 2832 322 2256 
12. Large Left-Top Male 48 1728 2247 210 1454 
13. Large Right-Bottom Female 48 1577 2154 215 1486 
14. Large Right-Bottom Male 50 1507 1826 161 1139 
15. Large Right-Top Female 49 1412 1935 175 1226 
16. Large Right-Top Male 47 1913 2078 142 971 
Table 1. Basic descriptive statistics for all examined conditions 
 
The results regarding selection times were next analysed by means of the Generalized 
Linear Models (GZLM; Nelder & Wedderburn, 1972) under the assumption that the 
dependent variable has the inverse Gaussian (IG) distribution. These assumptions are 
reasonable in light of the results presented by Michalski (2005) and taking into account the 
dependent variable descriptive data calculated for the present study. A three way ANOVA 
based on the GZLM was used for examining the factors of the user gender, panel location, 
and target sizes.  
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Effect df Wald statistics (W) p 
Panel location (PLO) 3 9.6 *0.022 
Item size (ISE) 1 3.9 *0.047 
Gender (GEN) 1 0.15 0.70 
PLO × ISE 3 2.2 0.54 
PLO × GEN 3 16.5 *0.00089 
ISE × GEN 1 0.899 0.34 
PLO × ISE × GEN 3 5.9 0.12 
 * The results significant at a level 0.05 
Table 2. GZLM analysis of variance results 
 
The results of the analysis are presented in table 2 and showed that the panel location along 
with the item size factor are significant at the level of α = 0.05. The effect of gender alone 
occurred not to be meaningful, however there was a significant interaction between gender 
and panel location factors. All other interactions were irrelevant. 
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Fig. 1. Mean selection times depending on panel 
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Fig. 2. Mean selection times depending 
on item size (df = 1, W = 3.9, p = 0.047) 
 
The mean acquisition times along with other basic statistics related to the panel location are 
presented table 3 and illustrated in fig. 1. The layouts positioned on the right hand side of 
the computer screen, both top and bottom were operated the fastest, and the difference 
between their mean selection times were insignificant (df = 1, W = 0.049, p = 0.83). Among 
the structures located on the left, the bottom layouts were decidedly better (α = 0.1)  than the 
top ones (df = 1, W = 2.79, p = 0.095). The left top panel placement was the worst in terms of 
the selection speed, and the difference in average times between the best and the worst 
positions amounted to approximately 19% (394ms). 
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No. Panel location N Median (ms) Mean (ms) SE (ms) SD (ms) Min (ms) Max (ms) 
1. Left-Bottom 197 1734 2247 120 1691 672 12 148 
2. Left-Top 194 1930 2503 133 1853 688 14 591 
3. Right-Bottom 197 1673 2135 101 1411 701 8001 
4. Right-Top 193 1772 2109 91 1264 701 8062 
Table 3. Results for the panel location factor (df = 3, W = 9.6, p = 0.022) 
 
The graphical illustration of mean acquisition times computed for the target size effect is 
presented in fig. 2, and the descriptive statistics are put together in table 4. Mean times 
registered for panels consisting of large objects were substantially shorter than for their 
small counterparts. The discrepancy was equal 184 ms (8.5%). 
 
No. Item size N Median (ms) Mean 
(ms) 
SE (ms) SD (ms) Min (ms) Max (ms) 
1. Small 392 1903 2340 82 1629 721 14 591 
2. Large 389 1656 2156 77 1519 672 12 578 
Table 4. Results for the item size factor (df = 1, W = 3.9, p = 0.047) 
 
The GLZM analysis of variance revealed that there is an interaction between gender and 
panel location effects, so in fig. 3 and table 5 there are results presented separately for men 
and women taking part in the examination. 
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Fig. 3. Mean selection times depending on gender and panel location (df = 1, W = 16.5, 
p = 0.00089) 
 
The mean operation times for panels on right side of the screen were similar both for 
women and men as well as for top and bottom positions of these graphical structures. For 
layouts located on the left hand side of the monitor, females generally outperformed males 
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(df = 1, W = 2.6, p = 0.1097) and left bottom panels were operated faster than left top 
configurations (df = 1, W = 3.3, p = 0.068). 
 
No. Gender Panel 
location 
N Median 
(ms) 
Mean 
(ms) 
SE 
(ms) 
SD 
(ms) 
Min 
(ms) 
Max 
(ms) 
1. Female Left-Bottom 100 1477 1895 121 1209 672 8406 
2. Female Left-Top 98 2048 2648 193 1906 711 12 578 
3. Female Right-Bottom 98 1678 2204 142 1407 701 7210 
4. Female Right-Top 98 1593 2180 149 1476 701 8062 
5. Male Left-Bottom 97 2062 2610 205 2017 681 12 148 
6. Male Left-Top 96 1797 2356 183 1795 688 14 591 
7. Male Right-Bottom 99 1622 2068 143 1419 741 8001 
8. Male Right-Top 95 1843 2035 103 1002 731 6630 
Table 5. Results for the interaction between gender and panel location (df = 1, W = 16.5, 
p = 0.00089) 
 
However, women had shorter mean selection times for left bottom structures than for left 
top ones, whereas men did better with left top panels than with left bottom configurations. 
This interaction between gender and left panel locations was also statistically significant 
(df = 1, W = 11.8, p = 0.000589). 
 
3.2 Errors 
A total of 19 errors were made by participants, which accounts for 2.4% of all performed 
trials. The percentages of mistakes registered during the examination are put together in 
table 6. They are broken down by the examined factors. 
 
Factor Errors (%) 
Panel location  
Left-Bottom 
Left-Top 
Right-Bottom 
Right-Top 
1.5 
1.5 
3.5 
3.0 
Item size  
Small 
Large 
2.0 
2.8 
Gender  
Female 
Male 
1.5 
3.3 
Table 6. Percentages of wrong selections 
Factor df χ2 p 
Panel location 3 2.75 0.43 
Item size 1 0.49 0.49 
Gender 1 2.64 0.104 
Table 7. Analysis of differences in the 
number of errors for examined factors 
 
 
A nonparametric, Chi-square test was employed to verify the significance of differences in 
the number of wrong selections for the examined factors. The results of these analyses are 
presented in table 7. The only meaningful difference in the number of wrong selections was 
observed for the gender factor. The significance level α = 0.10 was slightly exceeded in this 
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case. Women committed decidedly less errors (1.5%) than men did (3.3%). The other two 
effects were irrelevant. 
 
4. Discussion 
 
Generally, the obtained results showed that the panel location and target item size factors 
considerably influenced the mean acquisition times. The gender effect was not meaningful, 
but the interaction between the gender and panel location was statistically significant. 
 
4.1 Panel location 
The results showed that the panel location factor considerably influenced the acquisition 
times. This outcome is generally consistent with the works of Campbell & Maglio (1999), 
Schaik & Ling (2001), McCarthy et al. (2003), Pearson & Schaik (2003), and Michalski et al. 
(2006), where the stimuli position, one way or another, significantly influenced the response 
time. However, this result contradicts with the investigation presented by Kalbach & 
Bosenick (2004), in which they did not observe the significant influence of the location 
factor. From among the aforementioned studies, the target locations used by Campbell & 
Maglio (1999) were most similar to those employed in the described in this chapter 
experiment. Although, the location factor was significant in their experiment, the detailed 
results was contradictory with our findings. They explained the results by the nature of the 
stimulus, which was treated by participants as text to be read. In this paper experiments, it 
is hardly to associate the outcome to the reading habits, so maybe some other factors come 
into play. Possibly the obtained results were to some extent influenced by different ways of 
searching the target by men and women that manifested itself as the statistically significant 
interaction between location and gender factors. Of course, the discrepancies could have 
been caused also by a number of other issues including the different type target, screen 
resolutions, size of the screen, stimuli sizes, as well as the number of distractors and their 
arrangement. 
 
4.2 Target size 
The target object size effect was statistically meaningful. In the case of simple selection tasks 
where the target is constantly visible to the subject, the Fitts’ law (Fitts, 1954; Fitts & 
Peterson, 1964) applies. According to this well known  formula, the movement time is 
affected by the object size along with the movement amplitude. However, the presented 
study involves additionally the search process, which may last decidedly longer than the 
time needed for reaching and clicking the target. In such a case, the Fitts’ law may not be 
relevant. Nevertheless, some recent findings proved that bigger target objects shortened 
acquisition times (Michalski et al., 2006), and this finding was supported in the present 
investigation.   
 
 
 
4.3 Gender differences 
Though the effect of gender alone was not significant, the interaction between gender and 
panel location effects occurred to be meaningful. This relation was particularly visible for 
the panels positioned on the left hand side of the screen. Thus in general, the results support 
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the hypothesis that there exists a significant difference between women and men in 
performing simple search and click tasks (at least for some locations). However, the 
obtained results seem a bit awkward and it is hardly to draw some reasonable conclusions. 
For instance, the better results for panels located in the left bottom in comparison with the 
left top corner obtained by females, could have been attributed to possible inappropriate 
chair seat height settings. But, if this was the case, so why were the women operation times 
for panel situated on the right hand side comparable? What is more, for the right placed 
panels men outperformed women in both bottom and top panel locations, so the interaction 
did not exist. Taking into consideration only the right locations, the present research 
outcomes to some extent support the assumption that men do better where the task 
accomplishment time is evaluated (Ives et al., 1993; Peters & Campagnaro, 1996; 
Warshawsky-Livne & Shinar, 2002; Barral & Debû 2004; Rohr, 2006a, 2006b). But the 
differences are not statistically significant (df = 1, W = 1.34, p = 0.247). In light of such 
inconsistent results, these issues require undoubtedly further more detailed research. 
 
4.4 Incorrect selections 
The error analysis proved that males were more prone to make mistakes than females 
(α = 0.10), while the factors Panel location and Item size were irrelevant. The registered data 
confirm the suggestion that women put more attention to accuracy than male participants. 
The recorded mean error rate in this research (2.4%) was generally comparable to the values 
obtained in other research. For example,  in the research of Schaik & Ling (2001), 
Pearson & Schaik (2003), Grobelny et al. (2005), Michalski et al. (2006), Michalski & Grobelny 
(2008), the mistakes occurred in less than 3% of all trials. 
 
4.5 Limitations and possible future works 
There is naturally a number of limitations related with this study. One of the most obvious 
weaknesses is the difficulty in interpreting especially those data, which are connected with 
the interaction between gender and the panel location. In light of these inconclusive results, 
additional studies seem to be necessary. Possibly, increasing the number of subjects or 
applying some eye tracking techniques would allow for more consistent conclusions.  
It should also be stressed that almost all the participants were young and familiar with 
various computer programs, and were using computers on a daily basis, so their 
performance may substantially differ from the novice or elderly users. Additionally, the 
present investigation involved only one and very simple interaction technique, while the 
real interaction may require a combination of other ways of communicating with a 
computer. Also the choice of target icons may have an impact on the obtained results. 
Further research may include other graphical objects (e.g. icons from popular programs), 
different pointing devices, or subjective assessment of user preferences. 
 
5. Conclusions 
 
According to the obtained results during making the decisions about the design issues both 
the target size and location of a graphical panel should be considered. The obtained results 
also showed generally that in simple ‘search and point’ tasks, the gender factor should 
rather not be neglected. Although the influence seems not to be clear, the presented findings 
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support the assumption of different ways of performing these kinds of tasks by men and 
women. As it was mentioned in the introductory section of this chapter, the obtained in this 
research differences may constitute a juxtaposition of the differences in performing the 
visually controlled motor tasks as well as discrepancies in executing cognitive tasks. 
The presented research results enrich our knowledge in the area of simple pointing tasks 
combined with a visual search, and show the need for further studies concerned with the 
subject. However, because of some inconsistencies in the present and past research, one 
should be cautious in recommending any given design solution. In practice, decisions 
regarding the graphical features of toolbars should, obviously, take into account limitations 
of scientific investigations. Possibly, some additional research may be necessary to test the 
ecological validity of a particular proposal. 
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